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INSPECTION AND EVALUATION OF DRY FIBERS IN THICK 
COMPOSITES 
Vinay Dayal1, Sunil Kishore Chakrapani1, and Daniel Barnard2
1Dept. of Aerospace Engg. & Center for NDE, Iowa State University, Ames IA  50010. 
2Center for NDE, Iowa State University, Ames IA 
ABSTRACT. This paper presents the investigation of dry fibers in thick composites. Dry fibers can be 
defined as lack of epoxy in localized regions. These local regions act as potential defects in thick 
composites under compressive loads and act as an initiation point for defects such as matrix cracking and 
delamination. Detection and characterization of dryness in glass/epoxy composites, with thickness greater 
than one inch, is presented in this paper. One inch samples with dry fibers were fabricated and tested. 
Detection is carried out with the help of air coupled ultrasonics in both through transmission and singled 
sided inspection. To characterize the amount of epoxy, time of flight data was correlated with density and 
fiber volume fraction. Based on the observations a technique was developed for characterization of dryness. 
Keywords: Air-Coupled Ultrasonics, Composites, Dry Fabric 
PACS: 43.35.Cg, 43.35.Zc 
INTRODUCTION 
The use of composites is increasing in various industries. Designers are now 
experimenting and designing thicker composites for structural applications. A very 
common method of the fabrication of composites is the Vacuum Assisted Resin Transfer 
Molding (VARTM)[1]. In this process, dry fabric is placed in the mold, a bag is built 
around the fabric and then the matrix material, generally a polymer is introduced in the bag 
under vacuum. The polymer spreads throughout the bag and then it is allowed to cure and 
harden. Generally, the polymer is a viscous material and hence the flow is slow. The cavity 
of the bag is under vacuum and so the path of the polymer is restricted. Moreover, the parts 
could be complex and hence the flow path is not simple. The vacuum assists the flow to 
some extent. Also, there can be pinch points where the vacuum in the bag prevents the 
smooth flow of polymer. The result of all this is that there is a possibility that the polymer 
may not flow to all parts of the mold. When the part is thick it is possible that the outer 
fabric layers get soaked but the inner layers are left dry or partially dry. The fabric has 
excellent tensile properties but is poor in compression and shear. Hence a patch of dry 
fabric in the part leaves a weak part inside. This weakening accentuates in areas where the 
composite comes in contact with a metal, such as a mechanical joint. Sometimes these 
patches are on the surface and can be visually detected but the dry patches inside the 
composite part are difficult to detect. The location, size and shape of such dry fibers are 
crucial in producing quality parts.  The 39th Annual Review of Progress in Quantitative Nondestructive EvaluationAIP Conf. Proc. 1511, 1036-1042 (2013); doi: 10.1063/1.4789157©   2013 American Institute of Physics 978-0-7354-1129-6/$30.001036
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In this work we report our preliminary work on the detection and quantification of 
dry fabric in a glass/epoxy composite. In any experimental work it is imperative to have 
samples where the quantitative measurements require a known standard and the damage or 
anomaly is quantifiably known. Hence we will first describe the method of fabrication of 
the known samples. Then we will describe the test procedure. Since the fabric is dry it can 
easily absorb any coupling medium used in the ultrasonic investigation. Hence we have 
used air-coupled method of investigation [2]. The transducer does not come in contact with 
the part and since air is the coupling medium, there is no danger of foreign material 
absorption. 
 
DEFINITION OF DRYNESS 
 
We will first define dryness and differentiate it from the porosity. Porosity is a 
condition where there are tiny air pockets distributed in the epoxy. Fig. 1a shows the black 
spots as porosity in a composite sample and Fig. 1b a close-up of porosity. Fig. 2(a) shows 
a composite with no dryness and Fig. 2(b) shows a sample with dryness. Now we can 
discuss the difference between the porosity and dryness. It is clear that porosity is an area 
where neither the fiber nor polymer exists. On the other hand in a dry fiber region, even 
though the fabric exists there is no polymer. In any ultrasonic investigation this means 
porosity will present the wave with a free boundary, i.e. it is an interface of composite and 
air.  
 
 
 
FIGURE 1.  (a) A composite sample with porosity and (b) the close-up of porosity. 
 
 
 
FIGURE 2.  (a) A good composite sample, and (b) with dry fabric. 1037
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On the other hand the dry fiber will present an interface between composite and a dry 
fabric and hence the wave has a solid medium to travel further. It can be very easily 
conjectured that porosity will reflect back all the energy and in a transmission scan should 
be visible as a dark spot. The dry fabric will have partial transmission and so some 
ultrasonic waves should pass through. Porosity is generated due to trapped air pockets in 
the composite. These pockets are not able to escape the mold since they have to travel in a 
viscous polymer and then the mold morphology does not let them escape. Dry fabric is 
caused by: flow morphology, inadequate flow, inadequate vacuum, partial matrix cure 
which blocks flow, and pressure points on the bag. 
 
SAMPLE FABRICATION 
 
 As mentioned earlier there can be two different types of dryness, first where the 
dryness region is on the surface and second, where the dryness is inside. We have first 
prepared samples with surface dryness. A typical VARTM bag is shown in Fig. 3. The flow 
mesh is incorporated so that the polymer will flow to all parts of the mold. When a cut was 
made in the flow mesh, the polymer flow was prevented in the area and dryness was 
generated. We observed that the dryness extended as a radial gradient and along the 
thickness it had a shape as shown in Fig. 4a. For the generation of internal dryness we 
prepared two sample of surface dryness. The polymer was brought to the green stage. 
Green stage is the point where the polymer has started polymerizing and is stable enough to 
handle. The two halves were then assembled, Fig. 4b, and the polymerization was allowed 
to complete resulting in a laminate with internal dryness. 
 
ULTRASONIC DETECTION OF DRY FIBERS 
 
 Both the single sided and double sided ultrasonic investigations were performed 
using air-coupled transducers. Two different frequencies were used for investigation, which 
are: 125 KHz and 400 KHz. The schematic of single-sided and through-transmission mode 
are shown in Fig. 5. 
 
 
 
 
 
 
 
 
 
FIGURE 3.  A typical VARTM bagging processes. 
 
 
 
 
 
 
FIGURE 4.  a.  An exaggerated morphology of the surface dryness, b. Middle dryness. 
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FIGURE 5.  (a) Single-sided and (b) through-transmission ultrasonic interrogation. 
 
 
 
FIGURE 6.  Through-transmission C-Scan of surface dryness (Amplitude). 
 
 
RESULTS AND DISCUSSION 
 
Inspection of Surface Dryness 
  
In Fig. 6 we present the C-Scan of through-transmission inspection of surface 
dryness. The scan shows that the detection of the dryness is straightforward. Keep in mind 
that the dry fibers act as a different material and hence the change in color. Porosity will be 
observed as no signal or a dark spot in the scan. There are situations where the two sides of 
the laminate may not be accessible and in this case the single-sided investigation is 
preferred. Figure 7 shows the scan of single sided inspection, where (a) shows the results 
where the scan is performed from the good side and (b) shows the results where the 
transducers where placed on the dryness side. In these scans we have used a 125 KHz 
transducer pair and the transducers where set at an angle which will produce Rayleigh 
waves [3] in the plate. Even though the Rayleigh Waves are surface waves, it is interesting 
to note that the plate thickness was 30 mm and still shows a good image of the dryness. 
Transmitter 
Receiver  Transmitter 
Receiver  
(a) (b) 1039
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FIGURE 7.  (a) Transducers on the clean side, (b) on the dryness side.
 
 
FIGURE 8. Through-thickness c-Scan of mid-plane dryness sample. 
 
 
Inspection of Mid-Plane Dryness 
 
 Figure 8 shows the scan of mid-plane through-thickness investigation. Note that the 
dry region is clearly visible. One of the objectives of this work was the characterization of 
the dryness. This means can we quantify the amount of dryness. The dryness, as has been 
mentioned is defined as a lack of polymer, or matrix. Equation (1) is the generic definition 
of weight of the composite. Changes in weight of the matrix will in-turn affect the elastic 
modulus and density in the local region. 
 
                  (1) 
 
When there is dryness in the composite, the weight of the matrix changes but the 
weight of the fiber remains unchanged. The change in the weight of the matrix can be 
quantified as the dryness factor. We have attempted to measure the change in the wave 
velocity of the ultrasound to the relative change in the epoxy. Time-of-flight measurements 
were made in the through-thickness direction. The wave velocity is a function of elastic 
modulus and the density of the solid [3]. In the dry area both the wave velocity and density 1040
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change and hence there is no easy wave to quantify based on any one measurement. In this 
initial work we report the change of wave velocity as the epoxy changes. The dryness is not 
a constant factor and changes from the center to outside and eventually no dryness is left. 
To measure the dryness, the tested plate was cut into 0.5x0.5 inch (12.5 mm x12.5mm) 
samples as shown in Fig. 9. These samples were subjected to the burn test. The sample 
weight was measured before and after the epoxy has been burned off and the weight of the 
epoxy was determined.  The relative change in the epoxy content and the corresponding 
change in the time-of-flight are presented in Fig. 10. 
 
 
 
FIGURE 9. 1 2.5 mmx12.5mm x30 mm cut pieces of a centrally dry plate. 
 
 
 
 
FIGURE 10. (a) Relative % change in epoxy content, and (b) relative % change in wave velocity. 
 
 
 We note that the change in wave velocity can be a correlated to the change in the 
epoxy content, or in other words, to the dryness in a composite. As mentioned earlier, the 
wave velocity depends on both the stiffness and the density and hence in this preliminary 
work we have not tried to differentiate the effect of the two. 
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CONCLUSIONS 
 
 This work has shown that the location of dry fabric can be detected using air-
coupled ultrasonics. In thinner composites through-transmission or plate wave mode can be 
used and for thicker composites one side interrogation, with Rayleigh wave mode is very 
useful. Ultrasound is capable of detecting both the surface dryness and internal dryness. We 
have correlated the ultrasonic wave velocity to the matrix mass. 
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